Background/Objectives: The assessment of child feeding practices has received renewed attention through the development of an infant and child feeding index (ICFI). However, the advantages and shortcomings of such a summary index are still not well known. The aim of this study was to assess the usefulness of ICFI as an analytical tool (1) by studying its association with complementary food energy intake and mean micronutrient density adequacy (MMDA) and (2) by testing whether ICFI and its components are associated with length-for-age z-score (LAZ) of 6-23 months children in urban Madagascar. Subjects/Methods: ICFI was constructed using data from questionnaires on feeding practices and quantitative 24-h recalls (n ¼ 1589). Multivariate analysis was used to control for household wealth and other confounding factors. Results: ICFI was positively correlated with complementary food energy intake (Po0.0001) and MMDA (Po0.0001). ICFI was associated with LAZ among 6-8 months children (P ¼ 0.02). For all ages combined, there was a tendency towards an association that did not reach statistical significance (P ¼ 0.08). Among feeding practices that formed ICFI, breastfeeding was associated with LAZ (P ¼ 0.03) but not in the expected direction with þ 0.16 z-score difference in favour of non-breast-fed children. When breastfeeding was removed and introduced separately into the multivariate model, the relationship between the modified ICFI and LAZ became significant (P ¼ 0.02). Conclusions: Findings suggest that the ICFI could be a useful analytical tool, which needs however to be constructed according to its final use and which should be adapted to each context.
Introduction
The development of child feeding indicators and indices has been receiving renewed attention since the publication of updated guiding principles for complementary feeding of young children (Dewey, 2003) , which helped better define optimal feeding practices.
The first attempt at constructing an age-specific infant and child feeding index (ICFI) was made in 2002 (Ruel and Menon, 2002) . The ICFI included information on some key dimensions of child feeding: breastfeeding, dietary diversity, consumption of nutrient-rich foods and meal frequency. The simultaneous inclusion of several interrelated aspects of child feeding in a summary measure is perceived as an advantage as opposed to the study of single behaviours. Indeed, the latter approach may not allow the assessment of the effect of child feeding as a whole on health outcomes in general, and nutritional status more specifically.
A strong and biologically significant association was found between linear growth of 6-36 months children measured by height-for-age z-score (HAZ) and the ICFI in several Latin American countries (Ruel and Menon, 2002) . In Ethiopia (Arimond and Ruel, 2002) , the results were identical for the rural context only. In Burkina Faso (Sawadogo et al., 2006) , there was a relationship between a slightly modified ICFI and HAZ of 6-to 36-month-old children, but in Senegal (Ntab et al., 2005) no association was found with either HAZ or linear growth velocity of 12-to 42-month-old children.
These findings indicate that while the ICFI is useful at summarizing information on feeding practices into a single summary measure, its usefulness for analytical purposes, and particularly for the estimation of the effect of overall practices on growth, is still not well established.
The aim of this study was to assess the usefulness of the ICFI as an analytical tool by (1) studying its association with aspects of the diet quantity and quality, namely complementary food energy intake and mean micronutrient density adequacy (MMDA) and (2) by testing the association of the ICFI and its individual components with length-for-age z-score (LAZ) of 6-23 months children living in urban Madagascar. We hypothesized that the ICFI would be reflective of the diet quantity and quality and in turn be associated with LAZ.
Materials/subjects and methods

Study design
The study was conducted within the Nutrimad project, the main objective of which was to contribute to the prevention of child malnutrition. The study population was composed of mother-infant dyads in the districts of Sahalava and Antsororokavo, Fianarantsoa. These two districts presented characteristics quite similar to other poor urban districts of Fianarantsoa.
All 0-18 months children who met the following eligibility criteria were invited to participate: (1) birth in the districts; (2) absence of illness requiring hospitalization and of malformation affecting anthropometric measurements; (3) no intention of moving out in the next 6 months. A total of 702 eligible infants were included, 14 mothers refused to participate and 51 children subsequently dropped out. The study was conducted over a period of 7 months (AprilOctober 2004) and comprised three visits at 3 months intervals (±15 days).
For the purpose of this analysis, the same child at different visits was counted as separate observations (that is, the statistical unit for analyses was the child*visit 24-h recall and this was taken into account by choosing the appropriate statistical techniques; see below). The total number of available 24-h recalls was 1667.
Data collection
Information on socioeconomic characteristics and past and current feeding was gathered using questionnaires. Child length was measured to the nearest mm using infantometers (Shorr productions, Olney, MD, USA). Children were double weighed in the caregiver's arms using electronic scales with capacity of 150 kg (precision 100 g; Tefal, France). Mother's standing height was measured to the nearest mm using locally produced boards. Anthropometric indices were calculated with macros provided by the WHO using the new growth standards (WHO, 2006) .
Dietary intake of infants was estimated using a quantitative 24-h recall conducted by five trained and regularly supervised investigators. Portion sizes were determined using standardized household measures (Dop et al., 2003) . Meals and snacks were self-defined by mothers. The number of feeding episodes was defined as the sum of meals and snacks. Complementary food micronutrient adequacy was evaluated using the MMDA as proposed by Dewey et al. (2005) based on the following micronutrients: vitamins A, B 1 , B 2 , B 6 , B 9 , B 12 and C, iron, zinc and calcium. The MMDA is the average of the percentage of the desired micronutrient density fulfilled by the complementary foods for the 10 micronutrients after each was capped at 100%. Average breast milk intake was assumed for breast-fed children (WHO, 1998) and recommended nutrient intakes were taken from FAO/WHO recommendations (2002), except for calcium (IOM, 1997) and zinc (IOM, 2000) .
The economic index
An economic index was constructed (Traissac et al., 1997) using multiple correspondence analysis with assets and housing quality. The first axis (37% of the variance) was used as an economic index, which was cut into tertiles representing low middle and high economic status.
Infant and child feeding index ICFI was constructed for 6-23 months children as previously described (Arimond and Ruel, 2002) . The variables and scoring system used are shown in Table 1 . Dietary diversity was calculated using the 24-h recalls, while food group frequency (past 7 days) was assessed using questionnaires. The attribution of the feeding frequency scores followed the recommendations (Dewey, 2003) by attributing, for each age range, a score of þ 1 for children who meet the lower end of the recommendation, and a score of þ 2 for those who meet or exceed the higher end. For 12-23 months children, a score of þ 3 was attributed for those who exceed the recommendation in order to obtain a maximum of 9 for ICFI, to keep it comparable to the maximum at other ages. The index was calculated by adding up the scores. We initially cut the continuous ICFI into groups based as close as possible on age-specific tertiles, but overall results were not changed. Therefore, the index was divided into three categories based as closely as possible on tertiles with all age groups combined in the following manner: a score of 0-5 was considered low, 6-7 as medium and 8-9 as high.
Analytical methodology
Pearson correlation coefficients were used to estimate the strength of the association between ICFI and complementary food energy intake and MMDA.
We used the generalized estimation equations (GEE) approach which accounts for the non-independency that arises from repeated observations to estimate the parameters of the association between ICFI and LAZ with adjustment for confounders. Two-way interaction terms between ICFI and child age, or between ICFI and other confounding variables were not significantly linked to LAZ at Po0.20. GEE were also used to separately model the association of each component of ICFI with LAZ. For each model, adjustments were made for the same set of confounding factors and for the effect of other respective components whenever possible (that is, when collinearity between components was not too strong).
Statistical analyses were conducted using Stata 9.2 (StataCorp., TX, USA). Statistical significance was set to 0.05.
Ethics
The study protocol was approved by the health department of Fianarantsoa province. Verbal informed consent to participate was obtained from all subjects.
Results
Seventy-eight observations (4.7%) were excluded because of illness with loss of appetite that led them to consume very small quantities of food on the day of dietary data collection. Mean LAZ of children excluded from the analysis did not differ significantly (P ¼ 0.20) from that of the remaining children.
Overall prevalence of stunting was high (47%) and increased with age. In its severe form, it reached a peak of 25% among 12-23 months children.
The prevalence of wasting (weight-for-lengthoÀ2 z-score) was very low overall (4%) and mean weight-for-length z-score (WLZ) was À0.22 (s.d. 0.99). Mean weight-for-age (WAZ) was À0.86 (s.d. 1.24). Overall prevalence of underweight (weight-for-age oÀ2 z-score) was 18%.
Child feeding practices
Breastfeeding was a common practice in urban Madagascar: 98% of 6-8 months children were breast-fed and up to 79% of 12-23 months children were still breast-fed. Bottle feeding rate was very low (4%).
Overall feeding frequency was high with a majority of children (58%) fed five times or more per day. Percentage of children fed five times or more ranged from 45% for 6-8 months infants to 63% for 12-23 months children.
The grains (mainly rice), roots and tubers food group was the primary food source as shown in Figure 1 . The second main food source was fruits and vegetables, such as bananas and leafy vegetables. Flesh foods were the third food source but were consumed in small quantities (data not shown). Vitamin A-rich fruits and vegetables (mainly dark green leafy vegetables, carrots and mangoes) were more widely consumed starting at four food groups or more. Table 2 shows that complementary food energy intake increased with age (Po0.0001). Mean MMDA also increased with age (Po0.0001) ranging from 56% for 6-8 months infants to 68% for 12-23 months children. Contrastingly, mean ICFI decreased with age (Po0.0001) and was the lowest for children aged between 12 and 24 months of age.
Association between MMDA, energy intake and ICFI Both energy intake from complementary food and MMDA were positively correlated with ICFI across all age groups (Table 3) . 
Food group frequency a (past 7 days)
Food groups: grains/roots/tubers; legumes/nuts; dairy (breast milk excluded); flesh foods; eggs; vitamin A-rich fruits and vegetables; other fruits and vegetables. Scores for dietary diversity and food group frequency were attributed in a manner that reflects the age-specific distributions. Dietary diversity was calculated by summing the number of food groups consumed in the 24-h period. For food group frequency, each food group was scored 0 if not consumed during the previous week, þ 1 if consumed on 1-3 days, and 2 þ if consumed on 4 days or more. These scores were summed to give a possible range of 0-14 and then new scores were assigned to reflect age-specific distribution.
Association between ICFI and LAZ Table 4 shows the relationship between mean LAZ and ICFI categories by age adjusted for identified confounding factors. Although there was a statistically significant association between the ICFI and LAZ in the univariate analysis (P ¼ 0.002), it did not remain significant after adjustment. The exception to that was the 6-8 months age group for which there was a þ 0.65 LAZ difference for children with high ICFI compared to those with low ICFI (P ¼ 0.02). There was no association between either WAZ or WLZ and ICFI after adjustment for specific confounders (data not shown). Among the components of ICFI, breastfeeding was overall significantly associated with LAZ with a þ 0.16 z-score difference in favour of non-breast-fed children (Table 5) .
Dietary diversity was associated with LAZ when all age groups were combined with higher dietary diversity translating into better mean LAZ.
There was a strong difference of 0.45 z-score when moving from medium to high frequency of feeding in 9-11 months children (P ¼ 0.01), but differences became marginally significant when all age groups were combined.
Discussion
Overall, the diet of children in this study was found to be of low quality and prevalence of stunting was alarmingly high (47%). Complementary food MMDA was at 68% at best which reveals important deficiencies in several micronutrients. Diets were also deficient in energy, particularly for 12-23 months children for whom the complementary food energy intake provided 74% of the required energy. ICFI was at its lowest during the second year of life thus suggesting that the increased cessation of breastfeeding was not compensated by increased dietary diversity or feeding frequency in this sample. The fact that 12-23 months children who were still breast-fed were scoring only þ 1 has also contributed to the decline of the ICFI.
Complementary food energy intake and MMDA were positively correlated with ICFI. To our knowledge, this study is the first to show that ICFI is associated with quantitative measures of diet quantity and quality. These findings are important because one would expect ICFI to be reflective of these aspects in order for it to be able to be associated with child growth. This was indeed the case for 6-8 months children but not for all age groups combined even though there was some evidence of a tendency towards a positive association with LAZ. All analyses were also conducted using nutritional indices based on the NCHS references and conclusions remained unchanged. Having said that, it is interesting to note that when ICFI was kept continuous, it was significantly associated with LAZ for all age groups combined (P ¼ 0.02) with a clear linear trend (P ¼ 0.02). Nevertheless, when analyzing the relationship with child growth, we prefer to cut ICFI into categories despite the drawbacks of this procedure for several reasons: first, ICFI values which go from 0 to 9 have no direct or obvious biological meaning. Then, for practical reasons, it is often more important to identify those at risk rather than estimate the sample mean ICFI. Finally, we would not have been able to directly compare our findings to those of other studies had we kept ICFI continuous.
Our results on the association between LAZ and ICFI are in agreement with those of the only study that reported results in an urban context separately (Arimond and Ruel, 2002) . Studies that combined data from urban and rural areas (Arimond and Ruel, 2002; Ruel and Menon, 2002) found a positive association and this was also shown in rural Burkina Faso (Sawadogo et al., 2006) but not in rural Senegal (Ntab et al., 2005) . However, the latter study presented some methodological aspects that are likely to explain the discrepancy: the small sample size, the larger age range and better nutritional status.
So, while tertiles of ICFI seem to be linked to linear growth in rural areas, that is not quite the case for urban ones and we have no explanation to that. We believe however that the fact that breastfeeding was associated with LAZ but not in the direction of a better practice translating into better LAZ ( þ 0.16 z-score in favour of non-breast-fed infants) can partly explain why the ICFI does not relate to LAZ. Although this is not specific to urban contexts, it has been shown that mothers sometimes may prolong breastfeeding for stunted children (Marquis et al., 1997; Simondon and Simondon, 1998) .
Dietary diversity was associated with LAZ when all age groups were combined with an adjusted LAZ difference of 0.2 between the highest and lowest categories. This result adds to the growing evidence in developing countries showing that higher dietary diversity is associated with better child growth (Onyango et al., 1998; Hatloy et al., 2000; Arimond and Ruel, 2004; Steyn et al., 2006) and thus confirms its potential usefulness as an indicator of the quality of complementary feeding.
The holistic approach of constructing summary indices allows to appropriately address the multidimensional nature of infant feeding and to account for the complex effect of simultaneous interrelated feeding behaviours on health outcomes. Such summary indices could be used for analytical, evaluation and advocacy purposes, which have been identified as weak points that partly explain the lack of progress in the area of complementary feeding in the past years (Piwoz et al., 2003) . This does not mean that the study of individual practices is no longer necessary but rather that the information from specific aspects and summary indices is complementary. This is quite obvious in the case of international comparisons for instance. Given that ICFI relies on population-specific distributions, it cannot be used for comparisons of different contexts with varying levels of feeding practices. Individual practices on the other hand such as feeding frequency or dietary diversity can be useful provided that there are indicators and cutoff points that are defined or under development. The inverse relationship between LAZ and breastfeeding can affect the association between ICFI and LAZ, particularly in urban areas with relatively higher proportions of nonbreast-fed children. This has also been observed in several of the previous studies related to child feeding indices (Arimond and Ruel, 2002; Ntab et al., 2005; Sawadogo et al., 2006) . Nevertheless, one needs to distinguish when this poses a problem and when it does not and it all depends on the final use that will be made of ICFI. If it is meant for evaluation as a summary measure used to capture information about whether caregivers are following recommendations or not, then the inverse relationship between LAZ and breastfeeding is not an issue. If ICFI is used for analytical purposes, and particularly for estimating the strength of the association between child feeding practices and nutritional status, then this negative relation could be problematic. This inverse relationship cannot be entirely explained by reverse causality because it also occurs at younger ages and when socioeconomic differences are accounted for. It raises nevertheless the question on how to best deal with it, and a first way to answer that question could be to exclude breastfeeding from the construction of the index and introduce it separately into the statistical models. In our study, the relationship between ICFI and LAZ became significant (P ¼ 0.02) when breastfeeding was introduced separately into the multivariate model. This finding along with other results on the relationship between breastfeeding and growth may point to the need to disaggregate the ICFI into breastfeeding and complementary feeding-related variables separately.
More research is still needed however to test other ways of constructing ICFI, for example, with alternate food groupings, alternate ways of attributing weights and scores to components, and to investigate the effect of incorporating additional aspects, such as feeding responsiveness and safe preparation and storage of complementary foods. The association of each individual component with LAZ was modelled separately. In each model, adjustments were made for child age and gender, economic level, marital status, head of household gender and mother's height and other respective components. Due to strong collinearity between dietary diversity, food group frequency and feeding frequency, their respective models were adjusted for breastfeeding and bottle feeding only. b P-value of the main effect.
c Low, medium and high categories follow the score attribution of 0, þ 1 and þ 2, respectively as described in Table 1 . d For feeding frequency of 12-23 months children, the scores þ 2 and þ 3 counted towards the 'high' category. For the 6-8 and 9-11 months age groups, samples from the 'low' and 'medium' categories had to be combined due to the extremely small sample size in the 'low' category. The reference category for testing was therefore 'medium'. *Means that differ significantly (Po0.05) from that of the reference category.
In sum, the results of this study suggest that ICFI could be a useful analytical tool as it reflects important aspects of the diet quantity and quality. Even if there was only a tendency towards an association of ICFI with LAZ, there was evidence of a relationship with child nutritional status when breastfeeding was removed. This highlights that it is necessary to pay special attention to the construction of the index depending on the way it will be used and outcome(s) of interest. Special attention must also be paid to its adaptation to the context in which it will be applied.
